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HSR& FRC Design:  Introduction

High-Strength Reinforcing and Concrete $ÅÓÉÇÎȣ 
outlook :
ÅDesigners will be challenged with greater expectations, and new 

responses for these enhanced materials. 

ÅTraditional concepts of ductility and linear elastic-plastic 
response and analyses will be challenged. Probabilistic reliability 
and psuedo-ductility of composite structural systems may need 
to replace, traditional concepts of safety margins and minimum 
ductility requirements of component materials. 

ÅStrain-based design is increasingly being used as a more 
consistent design approach across a variety of materials rather 
then the traditional stress-based design methods.



HSR& FRCDesign:  Introduction (cont.)

ÅStructural Codes of Practice (AASHTO-BDS, ACI 318, AISC Steel Design 
Specifications, Eurocode2, fib Model Code 2010, and many others 
worldwide) have already moved partially in this direction in the last 25-30 
years with the adoption of LRFD based design specifications which set up a 
framework to implement and refine structural reliability concepts, through 
Strength Limit State calibration to past practice...

ÅIn the U.S., !!3(4/ȭÓ 3#/"3 is currently involved in efforts to calibrate the 
Fatigue and Service Limit States to provide uniform levels of reliability for 
design. The Service Limit State is perhaps even more challenging than 
Strength and Fatigue Limit States since failure is defined by a broader range 
of responses some of which are somewhat arbitrarily defined based on 
successful past practice. These responses include: Deformations; Durability; 
Aesthetics; and even perceptions of safety and comfort (crack widths, 
vibrations, etc.). 

ÅReplaceability, Resiliency and Sustainability are also becoming increasingly 
important to some owners. These are difficult to assign into our current Limit 
State categories and may require definition in the future of another if we 
want to consistently quantify them.



High Strength Reinforcing
ÅAASHTO-LRFD BDS adopted design provisions for use of 100 ksi 

reinforcing steel (for Seismic Zone 1) in the 2013 Interims:
ÅȰ NCHRP Project 12-77 was initiated to provide an evaluation of existing 

AASHTO LRFD Bridge Design Specificationsrelevant to the use of high-
strength reinforcing steel and other grades of reinforcing steel having no 
discernable yield plateau. An integrated experimental and analytical 
program to develop the data required to permit the integration of high-
strength reinforcement into the LRFD Specification was ÐÅÒÆÏÒÍÅÄȣȱ 
(AASHTO Bridge Committee, Ballot Item Background 11-29-2011)

ÅFinal project report was NCHRP Report 679 Ȱ$ÅÓÉÇÎ of Concrete 
Structures Using High-Strength Steel 2ÅÉÎÆÏÒÃÅÍÅÎÔȱ

ÅSDG 1.4.1 -2016 expanded to allow reinforcing for design :
Å< Grade 75 for WWR;
Åwith prior SDO approval> Grade 60 for ASTM A615, A955 & A1035 

(100ksi)

HSR& FRCDesign:  Introduction (cont.)

http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=366
http://www.trb.org/Main/Blurbs/165124.aspx


High Strength Concrete 
ÅAASHTO-LRFD BDS adopted provisions for use 

of 10 ksi ɀ15 ksi concrete in 2013 & 2015 Interims:
ÅNCHRP Report 595-Application of the LRFD Bridge Design Specifications to High-

Strength Structural Concrete: Flexure and Compression Provisions (5/28/2007 NCHRP Project 
12-64)

ÅNCHRP Report 579-Application of the LRFD Bridge Design Specifications to High-
Strength Structural Concrete: Shear Provisions (8/31/2006 ɀNCHRP Project 12-56)

ÅNCHRP Report 603 -Transfer, Development, and Splice Length for 
Strand/Reinforcement in High-Strength Concrete (5/28/2007 -NCHRP Project 12-60)

ÅSDG 1.4.3 -2016 added Table 1.4.3-2 for Minimum 28-Day 
Compressive Strength for Design 
Å< 8.5 ksi for Conventional Projects (Design-Bid-Build)
Å< 10 ksi* for Non-Conventional Projects (Design-Build, PPP, etc.)
* No standard concrete class > 8.5 ksi in Specification 346.
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http://www.trb.org/news/blurb_detail.asp?id=8375
http://www.trb.org/Main/Blurbs/158608.aspx
http://www.trb.org/Main/Public/Blurbs/157097.aspx


HSR& FRCDesign:  Introduction (cont.)

Structural Elements that may benefit from HSR:

1. Large difference between Strength and Service Loads

2. Not sensitive to modest increase in deflections:

3. Good Candidates:
V Wind Loads govern (e.g. Noise Walls ɀPost and/or Panels)
V Extreme Event controls (e.g. Traffic Railings; Truck-Impacted 

Bridge Column**; Ship-Impacted substructures; 
V Combined Axial-Flexure Designs = Heavily Congested Drilled 

Shafts. 
** Not Pile Bent and Piers Caps in Florida, due to 24 ksi Service III 
tension limit.

4. Poor Candidates:
× Buried Structures (e.g. Box Culverts, Drainage Structures);
× Bridge Pier Caps.



HSR& FRCDesign:  Types of HS Rebar

ÅLow-carbon Chromium Steel (ASTM A1035 ɀGrade 100 & 120)

ÅStainless Steel (ASTM A276 or ASTM A955 ɀGrade 75)

ÅWelded Wire Reinf. (ASTM A1064 ɀGrades 65-75, 80+)

ÅCarbon-steel (ASTM A615/A706 Grade 75, 80 & 100)

ÅCarbon FRP Rebar  (UTS 160 -210 ksi)

ÅGlass FRP Rebar (UTS 80 -125 ksi)

ÅBasalt FRP Rebar (UTS ~ 150 ksi)



HSR& FRCDesign:  Types of HS Rebar

ÅFDOT SpecificationsSection 931:

http://www.dot.state.fl.us/programmanagement/Implemented/SpecBooks/July2016/Files/931redln716.pdf


HSR& FRCDesign:  Types of HS Rebar

ÅFDOT SpecificationsSection 932:

http://www.dot.state.fl.us/programmanagement/Implemented/SpecBooks/July2016/Files/932redln716.pdf


HSR& FRCDesign:  Types of HS Rebar

Source: Louis N. Triandafilou, P.E. FHWA Office of Infrastructure R&D (2012)


